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Examination is requested under § 44 of the Patent Law 



(54) A device for testing the catalytic activity of solids exposed to reaction gases 



(57) An apparatus for testing the catalytic activity of a solid 
exposed to a reaction gas has a receiving device (1) which has a 
plurality of recesses (7) for receiving each individual solid, a 
common gas supply, and passages (8) connected to each recess so 
that all solids are simultaneously exposed to the reaction gas, and 
the products formed as a result of the reaction can be discharged 
separately through the passages and can be supplied to an analysis 
device. The recesses for receiving the solids are arranged as a 
matrix. The test apparatus also has a loading device which is used 
to transfer in a simple way catalysts which are prepared in a 
spatially separate manner by the combinatorial method into the 
recesses of the receiving device. 
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Descnption 

The invention relates to an apparatus for testing the catalytic activity of solids exposed to a reaction 
gas having a receiving device for receiving a solid and a device for analysis of products released as a 
result of the reaction. 

For the production and assessment of catalysts, potentially active carrier and catalyst components are 
combined in presumably appropriate manner, and the resulting multiple-component mixture is tested with 
an appropriate test reaction under predetermined conditions which are mainly determined by technical 
limitations. During synthesis of such materials, it is often necessary to meet the time requirements, 
because the testing of catalysts is a time and labor consuming operation. Generally, a material that is 
being tested is loaded into a laboratory reactor designed for this purpose and is tested for its ability to 

catalyze the reaction of feed mixtures. 

EP 0 423 294 B 1 discloses an apparatus for study and evaluation of fluidized bed cracking catalysts 
which are used exclusively in tubular reactors. The prior art apparatus is used for conducting a number of 
continuous cyclic experiments under varying experimental conditions. 

It is also known to test catalysts in a plurality of separate reactors which have provisions for a 
general gas purification. When catalysts are tested in parallel reactors, the charging of the catalysts with 
the materials being tested is a time and labor consuming operation. Another disadvantage is that the 
quantity of the reactors that have to be used for the parallel operation is limited by practical 
considerations. 

A decisive innovation of recent in the field of bioorganic synthesis has been the development of the 
combinatorial synthesis processes (Furka, A., Sebastien, E, Asgedom, M., Dibo, G., Abstr. - 14th Int. 
Congr. Biochem., Prague 1988, Vol. 5, 47). In conducting such synthesis processes, they mainly deal with 
very small quantities of substances, and polymer carriers are often used for fixation of reagents and the 
resulting products. Thus the combinatorial synthesis is now a standard tool in the bioorganic chemistry. 
The efficient testing of a set of substances which could be prepared by using such synthesis process is 
normally done nowadays by using so-called "high throughput screening", in testing potential 
pharmaceuticals. The state-of-the art testing methods are based on adding individual substances of a bank 
of substances to enzymes or a cell cultures, which show the possibility of interaction between the 
substance and a predetermined active position of the enzyme or cell material growth by means of a 
luminescence examination. The substances from a bank set of substances are placed in so called "arrays", 
under plates with recesses which are used as reaction vessels and are contacted with appropriate test 
systems, after which the sample is post-processed (irradiation, incubation, etc.), with subsequent 
assessment testing. 

The fist disclosure of the conduct of the combinatorial synthesis and testing process was made in 



2 



DE 198 09 477 A 1 

1995 by Schultz ct al. (Xiang, X. -D., Sun, X., Bnceno, G., Lou, Y., Wang, K.-A., Chang, H., Wallace- 
Frecdman, W,G., Chen, S.-W, Schultz, P. G., Sconce 268, 1995, 1738 and Bnceno, G„ Chang, H., Sun, 
X Schultz, P. G., Xiang. X,D., Science 270, 1995, 273, as well as Sun, X.-D., Wang, K.-A., Yoo, Y., 
Wallace-Freedman, W. G., Gao, C, X,an g , X. -D„ Schultz, P. G., Adv. Mater. 9, No. 13, 1997, 1046, and 
Wei T Wallace-Freedman, W. G. 5 Schultz, R. G., Xiang, X,D., Appl. Phys. Lett. 68, 1996, 3506). The 
disclosure descnbed the preparation of compounds by the deposition process for obtaining vanous 
combinations from a substrate by using the masking technique. 

The main disadvantage of the method described by Schultz et al. is that when the deposition process 
is used only a small part of the possible chemical combinations can be realized, which could be prepared 
by using conventional catalytic wet chemical processes. This results in the range of possible catalyUcally 
active candidates being substantially narrowed. No process has been disclosed for testing catalytically 
active materials. 

In the field of the simultaneous testing of catalysts, there is a publication by Luss et. al. (Moates, 
F C Somani, M., Annamalai, J., Richardson, I. T., Luss, D., Willson, R. C, Ind. Eng. Chem. Res. 35, 
1996, 4801) in which catalyst pellets are tested by infrared thermography. However, this method can be 
used only for reactions with high reaction heat. The selectivity study is not possible. 

The invention is based on the problem of providing an apparatus which could be used for efficiently 
testing the catalytic activity of solids exposed to a reaction gas without high demand for time and labor. 

This problem is solved according to the invention by using the characterizing features of claim 1. 

An apparatus according to the invention uses simultaneous and consecutive testing of a large number 
of solid catalysts which are exposed to a reaction gas, wherein the conditions, such as pressure, 

temperature, etc., can be varied at random. 

The apparatus has a receiving device that has a plurality of recesses for receiving individual solids 
which have to be tested for the catalytic activity. All solids that are in the receiving device are exposed 
simultaneously to a reaction gas through a common gas supply. The gas flow is discharged through 
individual gas passages for each recess in such a manner that products that are released over each 
individual catalyst can be analyzed separately in an analysis device. The analysis can be conducted by 
using known per se analytical methods such as spectroscopy, spectrometry, or chromatography. Dunng 
the test phase only one passage can be opened to the analysis device, whereas the gases that are 
discharged through the remaining passages are not analyzed. The receiving device also allows for analysis 
of gas flows that are discharged through a plurality of passages. It is also possible to shut off any desired 
number of passages so that no reaction gases will flow through these passages. 

In a preferred embodiment of the receiving device, the recesses are made as a matnx. The 
arrangement in the form of a matrix not only allows testing a large number of catalysts in a small space, 
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but it also allows the materials that are being tested to be placed into the recesses by means of a loading 
device in which catalysts are synthesized and from which they can be then transferred to the receiving 
devices. It is even possible to synthesize catalysts directly in the receiving [sic!] device. 

It is preferred that the passages for discharging the gas flows be provided in the bottoms of the 
recesses in order to assure the passage of the reaction gas through the catalysts. 

The loading device for the simultaneous loading of the materials into the recesses has passages per 
each individual recess, in which catalysts can be prepared in spatially separated manner as per the 
combinatorial method. In order to assure the closing of the passages of the loading device for conducting 
the synthesis of solids, it is preferred that a slide gate be provided which can close or open all the 
passages. 

The passages of the loading device are arranged identically to the recesses of the receiving device. 
For transfer of the solids, the loading device is aligned with the receiving device so that the passages of 
the loading device are aligned with the recessed of the receiving device. 

For pressing the solids from the recesses, the apparatus according to the invention advantageously 
has a press tool which has press plungers corresponding to the passages of the loading device. 

For alignment, the receiving device has a peripheral collar in which the loading device can be 
inserted. When the loading device is removed, the peripheral collar of the receiving device is provided 
with a cover to define a common gas supply chamber for the recesses of the receiving device. A reaction 
gas can be admitted to the common gas supply chamber through a hole in the cover. 

In another preferred embodiment, the receiving device has a heating unit to maintain a desired 
reaction temperature. 

Solid catalysts that are to be tested are preferably placed on platelets of a porous material which are 
installed in the recesses of the receiving device transversally with respect to the flow direction of the 
reaction gas. 

Practical embodiments of the apparatus for testing the catalytic activity of solids exposed to a 
reaction gas according to the invention will now be described with reference to the accompanying 
drawings, in which: 

Fig. 1 shows a receiving device of an apparatus for testing the catalytic activity of solids exposed to a 

reaction gas, a sectional view; 

Fig. 2 is a sectional view of the receiving device taken along line H-II in Fig. 1 ; 

Fig. 3 is a top view of the receiving device shown in Fig. 1, 

Fig. 4 shows a gas flow diagram for the test apparatus; 

Fig. 5 shows a loading device for a test apparatus, a sectional view; 

Fig. 6 is a sectional view of the loading device taken along line VI-VI in Fig. 5; 
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Fig. 7 is a slide gate for the loading device of Fig. 5, a top view: 

Fig. 8 shows a press tool for the test apparatus, a sectional view; and 

Fig. 9 shows a comminution device for the test apparatus in a sectional view. 

An apparatus for testing the catalytic activity of solids has a receiving device 1 (Figs. 1 through 3) in 
which solid catalysts are exposed to a reaction gas, an analysis device 2, having a valve system 3 (Fig. 4), 
which is used to analyze the products of reactions, and a loading device 4, having a press tool 5, in which 
the catalysts can be produced in spatially separate locations by using a combinatorial method (Figs. 5 
through 8). 

Fig. 1 shows a sectional view of the receiving device 1 of the test apparatus. The receiving device 1 
has a cylindrical body 6 made of a heat conducting material, e.g., preferably brass which has in its upper 
side cylindrical bores 7 defining an n x m matrix with four lines and four columns (Fig. 2). The 4x4 
matrix is given only as an example, and arrangements with a greater number of recesses can also be used. 

Passages 8 are made in the bottom of each recess 7 and lead to the underside of the brass body 6 of 
the receiving device 1 . The passages 8 extend in parallel to each other in the vertical direction. They have 
a smaller diameter than the recesses. This assures identical flows through all recesses because the 
passages have appropriate flow resistance. Individual passages can be specially restricted so as to assure 
exactly the same flow rates through all the recesses. The receiving device can also have special orifices or 
like devices for the same purpose. 

The upper side of the brass body 6 has a flange 9 which is used for holding a cover 10 made of a 
heat conducting material such as brass. The flange 9 and the cover 10 have a plurality of circumferentially 
spaced holes 1 1 which are used for assembling the flange 9 and the cover 10 together by means of bolts 
(Fig. 3). For sealing the cover 10 with the flange 9, a sealing ring 12 is provided in an annular groove 13 
of the flange 9. 

The brass body 6 and the cover 10 have holes 14 for receiving heating cartridges 15 of a heating unit 
for heating the receiving device 1 in order to maintain a reaction temperature. 

The catalysts that are being tested are each placed on platelets 16 made of a porous inert composition 
(frit), which are positioned on the bottom of the recesses transversally with respect to their longitudinal 



axes. 



For the simultaneous testing of catalysts, the cover 10 is bolted to the flange 9 of the brass body 6, 
and a reaction gas is fed through holes 17, 18 of the cover into a gas supply chamber 19 provided over the 
recesses 7. The reaction gas flows through catalysts 20 which are placed on the frit platelets 16. 

Fig. 4 shows a gas flow diagram for the test apparatus. The reaction gas flows from a gas vessel 21 
through a gas supply line 22 in which a metering device 23 is inserted and goes to the recesses 7 of the 
receiving device 1 which is heated by means of a temperature control device 24 to the reaction 
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temperature in such a manner that the reaction gas flows through the catalysts. The products resulting 
from the reaction are discharged from each individual catalyst through separate channels 8 separately so 
as to selectively supply the discharge flows to the analysis device 2. 

Multiple-way valves 24 are provided at the outlet of each passage 8. The multiple-way valves are 
electromagnet actuated and are controlled by means of a controller 25 through control lines 26. The first 
outlet of each mutiple-way valve 24 is connected through a gas line 27 to a first common gas supply line 
28 which leads to the analysis system 2, and the second outlet of each multiple-way valve 24 is connected 
through a second gas supply line 29 to a second common gas supply line 30 which goes also to the 
analysis device, e.g., to a mass-spectrometer. 

Depending on the switched position of the multiple-way valves, the products resulting from the 
reaction from each catalyst can be fed separately from each other to the analysis device 2, or the analysis 
device can analyze the discharge flow from any two catalysts. The valve system which consists of the 
multiple-way valves can be expanded to any number of valves depending on the quantity of the catalysts 
that are being tested. 

Instead of the valve system used for selectively switching the individual passages, a manipulator 
with an inlet capillary, which is movable along xyz-axes, can be provided downstream of the receiving 
device 1 and connected to the analysis device. The inlet capillary can be inserted by the manipulator into 
the passage in such a manner as to analyze each catalyst separately. As a matter of fact, each passage can 
be connected to a separate analysis device to achieve a high degree of parallelism of the analysis. 

Fig. 5 shows a sectional view of the loading device 4 for the test apparatus. The loading device 4 has 
a two-part cylindrical metal body 31 which has the diameter corresponding to the inside diameter of the 
flange 9 of the receiving device 1, whereby the loading device 4 can be inserted into the receiving device 
1. The cylindrical metal body 31 has a form of a 4x4 matrix of passages 32. The arrangement and the 
diameter of the passages 32 correspond to the recesses 7 of the receiving device 1 so that they are aligned 
when the loading device is inserted into the receiving device. 

A slide gate 33 is positioned between the upper and lower parts 31a and 31b of the cylindrical metal 
body for movement transversally with respect to the longitudinal axes of the passages 32. The slide gate 
33 is made as a sheet plate with holes 34 which are likewise arranged in the form of a 4 x 4 matrix. These 
holes 34 are aligned with the passages 32 of the cylindrical metal body 31. Both fasteners 35 which hold 
the upper and lower parts together extend through lateral longitudinal holes 36 of the slide gate 33 and 
limit its stroke. The slide gate 33 can move between two positions in which the passages 32 of the loading 
device are closed or open, respectively 

The slide gate 33 is preferably made of metal. It is also possible to make the slide gate as a 
perforated plate of a porous material (frit) which is used for filtering when the slide gate is in the position 
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in which the holes of the perforated plate are not aligned with the passages of the loading device. 

Fig. 6 shows a sectional view of the press tool 5 for the test apparatus. The press tool is made as a 
4x4 matrix of press plungers 37 which are secured by means of screws 38 to a round plate 39. The press 
plungers 37 is positioned and sized in such a manner that when the slide gate 33 is open, they can move 
into the channel 32 of the loading device 4. 

Fig. 7 shows a sectional view of a comminution device 40 in the form of a screen that has straight 
teeth 41 spaced at about 2 mm from each other. The comminution device 40 can be placed in the gas 
supply chamber 19 of the receiving device 1 before the loading device 4 is inserted into the receiving 
device so as to comminute the solid material prepared in the loading device when it passes into the 
receiving device. The comminution device can also be made integral with the loading device. 

Oxidation of carbon monoxide with the catalysts prepared by using the combinatorial method using 
the above-described test apparatus will be described below. 

For this test reaction, catalysts prepared by the combinatorial method were tested with carriers such 
as zeolith Y, aluminum oxide, titanium dioxide, and zirconium oxide in combination with potentially 
catalytically active metals - platinum and palladium and cerium promoter for a test reaction of catalytic 
oxidation of carbon monoxide to carbon dioxide. The catalysts were exposed to a reaction gas mixture 
consisting of synthetic air and 80% carbon monoxide. The reaction atmosphere temperature was raised 
stepwise, and the product gas flow from each individual passage was analyzed by spectrograph^ for each 
reaction gas temperature. 

The catalysts were synthesized in the top part of the cylindrical body of the loading device with the 
closed slide gate. In order to do this, a carrier material was placed in each of the four columns, e.g., a 
silicate carrier was placed in column 1, an aluminum oxide carrier was placed in column 2, a titanium 
dioxide carrier was placed in column 3, and zirconium oxide carrier was placed in column 4. The 
catalytically active substances were deposited, e.g., by the impregnation process, e.g., in line 1 a 
predetermined volume of a platinum salt solution, in line 2 a predetermined volume of a palladium salt 
solution, in line 3 a predetermined volume of a platinum salt solution and a palladium salt solution, and in 
line 4 a predetermined volume of a platinum salt solution, and a palladium salt solution, and a cerium salt 
solution were added. By conducting an appropriate high-temperature treatment, the solvent was removed. 
A post-processing was then conducted, e.g., with hydrogen. In order to transfer the test array into the 
receiving device, the comminution device was installed in the gas supply chamber of the loading [sic!] 
device, and the loading device was inserted into the receiving device. When the slide gate was opened, the 
solid catalysts were pressed by means of the press tool out the passages of the loading device through the 
screen plate into the recesses of the receiving device. If comminution of the solid materials prepared m 
the loading device is not required, the step of installation of the comminution device into the receiving 
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device can be dispensed with. The comminution device and the loading device were then removed from 
the receiving device. The receiving device was then sealingly closed with the cover, and the reaction gas 
was supplied. Subsequently, the product gas flow discharged from the catalysts through each individual 
passage of the receiving device was analyzed by spectroscopy in the analysis device while raising 
stepwise the temperature of reaction atmosphere. 

Claims 

1. An apparatus for testing the catalytic activity of a solid exposed to a reaction gas, having a 
device for receiving solids and a device for analyzing the products formed as a result of the reaction, 
characterized by the fact, that a receiving device (1) comprises a plurality of recesses (7) for 
receiving each individual solid, a common gas supply, and a passage (8) for each individual recess, 
whereby all solids are simultaneously exposed to the reaction gas, and the products formed as a result 
of the reaction can be discharged separately through the passages and can be supplied to an analysis 
device (2). 

2. The apparatus of claim 1, characterized by the fact that the recesses (7) for receiving solids are 
arranged as a matrix, and the passages (8) are provided in the bottom of the recesses (7) so that the 
reaction gas can flow through the solids which are placed in the recesses. 

3. The apparatus of claim 1 or 2, characterized by the fact that the recesses (7) are cylindrical 
holes. 

4. The apparatus of claims 1 through 3, characterized by the fact that the apparatus has a loading 
device (4) that can be inserted into the receiving device (1) for simultaneously placing solids into the 
recesses. 

5. The apparatus of claim 4, characterized by the fact that the loading device (4) has passages 
(32) corresponding as the recesses (7) of the receiving device, in which solids are synthesized and 
from which the solids can be transferred from the loading device which is inserted into the receiving 
device to the recesses of the receiving device. 

6. The apparatus of claim 5, characterized by the fact that the loading device (4) comprises a 
slide screen (33) which is movable between the position for synthesizing solids and the position in 
which the passages are open for transfer of the solids into the recesses (7) of the receiving device. 

7. The apparatus of claim 6, characterized by the fact that the slide gate (33) is made as a 
perforated plate of a metal or a porous material. 

8. The apparatus of claims 1 through 7, characterized by the fact that the receiving device (1) has 
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a peripheral collar (9) in which the loading device (4) can be inserted and a cover (10) which can be 
mounted on the peripheral collar (9) after removal of the loading device to define a common gas 
supply chamber (19), the cover having a hole (17) for the admission of a reaction gas . 

9. The apparatus of claims 4 through 8, characterized by the fact that the apparatus has a press 
tool (5) which has press plungers (37) corresponding to the passages ( 32) of the loading device, which 
can be inserted into the passages (32) of the loading device for pressing out the solids. 

10. The apparatus of claims 1 through 9, characterized by the fact that the receiving device has a 
heating unit (24). 

11. The apparatus of claims 1 through 10, characterized by the fact that the platelets (20) made 
of a porous material are provided in the recesses (7) of the receiving device (1) for receiving the 
solids that are transferred. 

12. The apparatus of claims 4 through 1 1, characterized by the fact that the apparatus comprises 
a comminution device (40) for comminution of the solids which are prepared in the loading device (4) 
during their transfer into the receiving device (1). 



3 sheets of drawings attached 
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Prufungsantrag gem. § 44 PatG ist gestellt 

@ Anardnung zum Testen der katalytischen Aktivitat von einem Reaktionsgas ausgesetzten Feststoffen 

@ Etna Anordnung zum Testen der katalytischen Aktivitat 
von einem Reaktionsgas ausgesetzten Feststoffen umfafit 
eine Aufnahmeeinheit (1), die mehrere Ausnehrnungen 
(7) zur Aufnahme jeweils eines Feststoffes und eine ge- 
mefnsame Gaszufuhr und den einzelnen Aufnehmungen 
zugeordnete Kanaie {8) aufweist, so da& a!!e Feststoffe 
gteicfueitig dern Reaktiosgas ausgesetzt und die bei der 
Realction entstehenden Produkte uber die Kanaie getrennt 
abgefuhrt und einer Anaiyseeinheit zugefuhrt werden 
konnen. Die Ausnehrnungen zur Aufnahme der Feststoffe 
sind in Form einer Matrix angeordnet. Die Testanordnung 
umfafit daruber hinaus eine Beschickungseinheft, mit der 
sich die nach kombinato risen en Methoden raumlich ge- 
trennt hergesteltten Kataiysatoren einfach in die Ausneh- 
rnungen der Aufnahmeeinheit uberfuhren lassen. 



1^1 




« 
o 



BUNDESDRUCKEREI 07.99 902 037/114/1 



DE 198 09 477 A 1 



Beschreibung 

Die Erfindung betritlt cine Anordnung zurn Testen der ka- 
talytischen Aktivitat von einem Reakdonsgas ausgesetzten 
FesLstoften init einer Einheit zur Aufnahme der Feststoffe 
imd einer Einheit zur Analyse der bei der Reaktion entste- 
henden Produkte, 

ZurHerstellung und Charakterisierung von Katalysatoren 
werden die potentiell aktiven TYagei- und Katalysatorkom- 
ponenten in vermeindich geeigneter Weise Icombiniert und 
die so gcschaffenen Mehrkomponentengemische mit einer 
geeigneteri Testreaktion unter bestiminten, meist durch tech- 
nische Limitierungen festgesetzten Bedingungen gctestet. 
Wahrend die Synthese solcbet Materialien oft noch mit zeit 



Schultz, P. G., Xiang, X.-D., Science 270, 1995, 273 sowie 
Sun, X.-D., Wang, K.-A., Yoo, Y., Wallace-Freed™ an, W. 
G., Gao, C., Xiang, X. -D., Schuliz, P. G., Adv. Mater. 9, No. 
13, 1997, 1046 und Wei, X, Wallace-Frcedmari, W. G. t 
Schultz, RG. t Xiang, X.-D., Appl Phys. Lett. 68, 1996, 
3506). Hierbei wird zur Herslellung der Verbindung ein Be~ 
schichtungsvcrfahrcn vcrwcndcL, das durch Maskcntcchni- 
ken die Herslellung verschiedener Kombinationen auf ei- 
nem Substrat erlaubt. 

Der entscheidende Nachteil der von Schultz et al. be- 
schriebenen Methode besteht zum ersten darin, dafl durch 
die Beschichtungsverfahren nur cin sehr kleiner Teil der 
chemisch mfcglichen Kombinalion hergestellt wird, die mit 
herkommlichen bei der Katalysatorpraparation iiblichen 



lichUberschaubarcmAurwandbewaltigt werden kann, stellt is naBcheuuschen Verfahren weaken werden kbnnen. Somit 
die Erprobung der Katalysatoren hingegen einen sehr reit- 
und arbeitsaufwendigen Schritt dar. Im all gemeinen wird 
das zu testende Material in einen eigens hierfiir konzipierten 
LaborlesLreaklor eingefuUl und unler vorgegebencn Parame- 
tem auf seine Tauglichkeit fur die jeweilige Umsetzung ei- 
nes Eduktgernisches gefestet. 

Die EP 0 423 294 Bl beschreibt eine Einnchtung zur Un- 
tersuchung und Bewertung von Wirbelschicht-Crack-Kata- 
lysatoren,"die liber einen einzigen rohrfonnigen Reaktor 
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wird die Bibliothek der moglichen kaialydsch aktiven Kan- 
didaten erheblich verkleinert. Ein Verfahxen zum Austesten 
der katalytischen Aktivitat der Materialien ist nicht be- 
schrieben. 

Auf dem Gcbiet des gleichzeitigen Auslesten von Kataly- 
satoren wurde eine Arbeit von T.uss et. al. verofTentlicht 
(Moates, F.C., Sornani, M., Annarnalai, J., Richardson, i T., 
Luss, D., Willson, R. C, Ind. Eng. Chem. Res. 35, 1996, 
4801), bei der Katalysatorpellets durch Infrarot-Thermogra- 



verfugt Die bekannte Einrichmng dient zum Darchfuhren r> phie getestet wurden. Diese Methode ist jedoch auf Reakdo- 

cincr Scric voa fortUufcndcn zyklischcn Expcrimcntcn un- ncn mit groficr Warmctonung limiticrt Sclcktmtatsuntcr- 

ter Variierung expcrimenlcller Bedingungen. schiede werden nicht erfaBt. 

Dariiber hinaus ist die gleichzeitige Austestung von Kata- Der Erfindung begt die Aufgabe zugrunde, cine Anord- 

lysatoren in mehreren separaten Reaktoren bekannt, die von nung zu schaffen, mit der sich die katalytische Aktivitat von 

einer gemeinsamen Gasaufbcreitung versorgt werden, Auch 30 einem Reakdonsgas ausgesetzten TeslstorTen ohne grSBeren 

bei der Austestung von Katalysatoren in Parallelreaktoren Zeit- und Arbeitsaufwand effektiv testen laQt. 

ist das Beschicken der Katalysatoren mit den zu testenden Die Losung dieser Aufgabe erfolgt erfindungsgemaJJ mat 

Materialien eine zeit- und arbeilsaufwendige Maflnahme. den Merkmalen des Patentanspruchs 1. 

Nachteilig ist auch, daB die Anzahl der zur Verfugung ste- Die erfindungsgemafle Anordnung erlaubt die sirnultane 

henden Reaktoren, die sich parallel betreiben Jassen, in der 35 aber auch sequentieUe Erprobung einer groBen Anzahl von 



Praxis begrenzt ist. 

Eine entscheidende Neuerung der letzten Jahre in der bio- 
organischen Synthese war die Entwicklung kornbinaLorisch 
synthedscher Verfahren (Furka, A,, Sebasden, E, Asgedom, 
M., Dib6, G., Abstr. - 14th Int. Congr. Biochem,, Prag 1988, 
Vol 5, 47). Mcist wird bei solchcn Synthcscn nur mit sehr 
kleinen Substanzmengen gearbeitet und oft werden poly- 
mere Trager zur Fixierung einer der Reaktanden und der 
entstehenden Produkte verwendet Somit stellt die kombina- 



Festkorperkatalysatoren, die einem Reaktionsg as ausgesetzt 
sind, wobei die Bedingungen wie Druck, Ternperatur etc. 
frei variiert werden kdnnen. 

Die Anordnung urnfaBt eine Aufhahmeeinheit, die rneh- 
40 rere Ausnehmungen zur Aufnahme jeweils eines FeststofTes 
aufweist, dessen katalytische Aktivitat gctcstct werden soil. 
Uber eine gemeinsame Gaszufuhr werden alle Feststoffe in 
der Aufhahmeeinheit dem Reakdonsgas gleichzeidg ausge- 
setzt. Der Gas strom wird in den einzelnen Ausnehmungen 



torischc Synthese heute eines der Standardwerkzeugc in der 45 zugeordneten Kanalen abgefuhrt, so daB die Uber jeden Ka^ 

- " talysator entstehenden Produkte separal fur jeden FesistorT 

in der Analyseeinheil analysiert werden konnen. Die Ana- 
lyse kann beispielsweise durch die bekannten spektroskopi- 
schen, spektromeuischen odcr chromatographischen Ver- 
so fahren erfolgen. Wahrend der Testphase kann jeweils nur ei- 
ner der Kanale zur Analyseeinbeit freigeschaltel sein, wah- 
rend das uber die anderen Kanale abgefiihrte Gas nicht ana- 
Ivsiert wird. Die AufnahineeinheiL enndglichl aber auch die 



bioorganischen Chemie dar. Das effiziente Testen einer Sub- 
stanzbibliothek, die durch solche synthctische Verfahren 
hergestellt wurde, ist derzeil im sogenannten "high 
throughput screening" bei dem Testen potendeller Pharma- 
zeutika am wei testen vorangetrieben worden. Derzeitige 
Testmethoden basieren auf der Zudosierung des jeweiligea 
Stoffes aus der Subs tan zdatenb auk zu einem Enzym oder 
Zellkulturen, die die Anwesenheit einer Wechselwirkung 
zwischen dem Stoff und einer besdmmten aktiven Stelle im 



- Analyse des uber mehrere Kanale abgefiihrten Qasstroms 

Enzym oder im ^lbtofrwechsel durch eine Lurnineszenz 55 Es konnen auch beliebig viele Kanale geschlossen werden, 

anzeigen Die Substanzen aus den Bibliotheken werden in so daB sie nicht vom Reakdonsgas durchsiromt werden. 
sogenannten "Arrays", unter denen Platten mit Veniefun- In einer bevorzugten AusfUhrungsform der Aufnahme- 

gen die als ReaktionsgefaBe dienen, zu verstehen sind, mit einheit sind die Ausnehmungen in Form einer Matrix ange- 

dern jeweiligen Testsystem in Kontakt gebracht, danach er- ordnet. Die Anordnung in Form einer Matrix ermoghcht 

folgt oft noch cine gccignctc Wcitcrbchandlung der Probe 60 nicht nur^dic Erprobung cincr groBen 
(Bestrahlung, Inkubadon, etc.), an die sich der abschlie- f D "" ™' 1 ^^h^n aim as in- 



Rende Bewertungstest anschlieflt. 

Die ersten Ansatze einer t)bertragung kombinatorischer 
Synthese- und Testverfahrcn auf anorganische Festkbrper 
w-jrden 1995 von Schultz et al. veroftentlicht (Xiang, X. - 
D„ Sun, X. t Briceno, G., Lou. Y M Wang, K.-A., Chang, H., 
Wallace-Freedman, W.-G.. Cben, S.-W., Schultz. P. G., Sci- 

cqoo 2-06) \99S } 1738 unil Drlwsnw, 0. T Cliwjifi, XX., flwn, X., 
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toren auf engem Raum, sondern erleichtert auch das Ein- 
bringen der zu testenden Feststoffe in die Ausnehmungen 
iruuels einer Beschickungseinheit, in der die Katalysatoren 
synthetisiert und dann in die Ausnehmungen der Aufnahme- 
einheit uberfutut werden. Es ist aber auch mbglich, die Ka- 
talysatoren direkt in der Aufhahmeeinheit zu synthetisierea 
Die Kanale zum Abfiihren des Gasstroms bcanden sich 
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talysatoren von dem Reaktionsgas durchstiomt werden. 

Die Heschiclcungseinheil 7um gleich?,citigen F.inbringen 
dcr Stoffe in die Aufnahmecinheit weist den einzelnen Aus- 
nehmungen zugeordnete Kanale auf, in denen die KaLalysa- 
toren nach kombinatorischen Methoden raurnlich getrennt 
hergestellt werden konnen. Urn die Kanale rier Beschik- 
kungscinhcit zum Synthcdsicrcn dcr Fcststoffc vcrschlicficn 
zu konnen,' ist voneilhafierweise ein Schieber vorgesehen, 
der samtliche Kanale verschlieflt bzw. frcigibt. 

Die Kanale der Beschickungseinheit sind entsprechend 
den Ausnehmungen der Aufnahmecinheit angeordnet. Zum 
tiberfuhren der FesLstoffe wird die Beschickungseinheit an 
die Aufnahmeeinheit angesetzt, wobei die Kanale der Be- 
schickungseinheit dann mit den Ausnehmungen der Auf- 
nahmeeinbeit flucbten. 

Zum Auspressen der FeststofFe aus den Ausnehmungen 
umfaflt die erfindungsgeniaCe Anordnung vorteilhaftcr- 
weise ein FreBwerkzeug, das den Kanalen der Beschik- 
kungseinheil zugeordnete Preflsteinpel aufweist. 

Zur Justierung verfUgt die Aufnahmeeinheit tiber einen 
umlaufenden Ansatz, in den die Beschickungseinheit pas- 
send eingesetzt werden kann. Bei abgenommener Beschik- 
kungseinheit wird auf den umlaufenden Ansatz der Aufnah- 
meeinheit ein Deckel gesetzt, so dafl eine gemeinsaine Gas- 
zufuhrkarnmer ftir die Ausnehmungen in dcr Aufnahmeein- 
heit geschaffen wird. Durch cine Bohrung im Deckel kann 
das Reaktionsgas dann der gemeinsamen Gaszufuhrkammer 
zugeftihrt werden. 

In einer weileren bevorzugten Ausfiihrungsform weist die 
Aufnahmeeinheit eine Ileizcinrichtung auf, um die gc- 
wiinschte Reaktions temper alur einstellen zu konnen. 

Die zu testenden Festkorperkatalysatoren sitzen vorzugs- 
weise auf Plattchen aus porosen Material, die in den Aus- 
nehmungen der Aufnahmeeinheit qucr zur Stromungsrich- 
tung des Reaktionsgases angeordnet sind. 

Im folgenden wird ein Ausfuhrungsbeispiel der erfin- 
dungsgemaflen Anordnung zum Testen der katalytischen 
Akti vital von einein Reaktionsgas ausgeselzlen FeslslofTen, 
unter Bezugnahme auf die Zeichnungen naher erlautert. 

Es zeigen: 

Fig. 1 die Aufhahmccinhcit dcr Anordnung zum Tcstcn 
der katalytischen Akuvitat von einem Reaktionsgas ausge- 
setzten Fes ts toff en in geschnittener Darstellung, 

Fig. 2 einen Schnitt durch die Aufnahmeeinheit entlang 
dcr Linie H-II von Fig. 1, 

Fig. 3 die Aufnahmeeinheit von Fig. 1 in der Draufsicht, 

Fig. 4 das Gasflufl schema der Testanordnung. 

Fig. 5 die Beschickungseinheit der Testanordnung in ge- 
schnittener Darstellung, 

Fig. 6 einen Schnitt durch die Beschickungseinheit ent- 
lang der Linie VI- VI von Fig. 5, 

Fig. 7 den Schieber der Beschickungseinheit von Fig. 5 in 
der Draufsicht, 

Fig. 8 das PreBwerkzeug der Testanordnung in geschnit- 
tener Darstellung und 

Fig. 9 die Zerkleinerungseinbeit der Testanordnung in ge- 
schnittener Darstellung. 

Die Anordnung zum Testen der katalytischen Aktivitat 
von Feststoffen umfaflt eine Aufnahmeeinheit 1 (Fig. 1 bis 
3), in dcr die Festkorperkatalysatoren cincm Reaktionsgas 
ausgesetzt werden, eine Analyseeinheit 2 mit einer Ventilan- 
ordnung 3 (Fig. 4), mit der die bei der Reaktion cntstehen- 
den Produkte analysiert werden und eine Beschickungsein- 
heit 4 mit einem PrcBwcrkzeug 5, in der die Ka talysatoren 
nach kombinatorischen Methoden raurnlich getrennt herge- 
stellt werden (Fig. 5 bis 8). 

Fig. 1 zeigt einen Schnitt durch die Aufnahmeeinheit 1 
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lindrischen Korper 6 aus warmeleitendern Material, vor- 
zugsweise Messing auf, der an seiner Oberseife mil 7.y lindri- 
schen Bohrungen 7 versehen ist, die in Form einer n x m 
Matrix mit vier Zeilen und vier Spalten angeordnet sind 
(Fig. 2). Eine 4x4 Matrix ist nur heispielhaft angegeben, es 
sind auch Anordnungen mit einer wesentlich groSeren An- 
zahl von Ausnehmungen moglich. 

Am Boden jeder Ausnehmung 7 ist ein Kanal 8 ange- 
schlossen, der an der Unterseite des Messingkorpers 6 aus 
der Aufnahmeeinheit 1 herausftihrt Die Kanale 8 verlaufen 
parallel zueinander in vertikalcr Richtung. Sic haben cincn 
kleineren Durcbmesser als die Ausnehmungen. Dies siellt 
ahnliche Fliisse durch alle Ausnehmungen sicher, da die Ka- 
nale die jcweiligen Hauptstrornungswiderstande darstellen. 
15 Die einzelncn Kanale konnen auch gczielt verengt werden, 
um in alien Ausnehmungen exakt die gleichen Fliisse einzu- 
stellen. Hierzu konnen in der Aufnahmeeinheit entspre- 
chende Drosseleinrichtungen oder dgl. vorgesehen sein. 
An der Oberseite des Messingkorpers 6 ist ein Flansch 9 
20 zur Befestigung eines Deckels 10 aus warmeleitendern Ma- 
terial, vorzugsweise Messing, angesetzt. Flansch 9 und Dek- 
kel 10 weisen mehrere umfangsmaBig verteilt angeordnete 
Bohrungen U auf, so daB der Deckel fest mit dem Messing- 
korper verschraubt werden kann (Fig. 3). Zur Abdichtung 
IS des Deckels 10 gegenttber dem Flansch 9 ist eine Ringdich- 
tung 12 vorgesehen, die in cincr Ringnut 13 des Flanschcs 9 
sitzt. 

Der Messingkorper 6 und der Deckel 10 weisen Bohrun- 
gen 14 zur Aiifhahme von Heizpatronen IS einer Heizein- 
richtung auf, um die Aufnahmeeinheit 1 auf die Rcaktions- 
temperatur aufheizen zu konnen. 

Die zu untersuchenden Katalysatoren sitzen jeweils auf 
cincm Plattchen 16 aus einer porosen Innertmasse (Fritte), 
das am Bodcn jeder Ausnehmung quer zu deren Langsachse 
angeordnet ist 

Zum gleichzeidgen Testen der Katalysatoren wird der 
Deckel 10 mit dem Flansch 9 des Messingkorpers 6 ver- 
schraubt und uber in dem Deckel vorgesehene Bohrungen 
17, 18 wird das Reaktionsgas in die oberhalb der Ausneh- 
mungen 7 befindliche GaszufUhrkarmner 19 geleitet. Das 
Reaktionsgas durch strbmt die auf den Frittcn 16 siUcndcn 
Katalysatoren 20 und wird Uber die Kanale 8 abgefuhrt. 

Fig. 4 zeigt das Gasflufischema der Testanordnung. Das 
Reaktionsgas stromt aus einem Gasbehalter 21 liber eine 
45 Gaszufuhrleitung 22, in die eine Dosicreinrichtung 23 ge- 
schaltet ist, in die Ausnehmungen 7 der von der Temperier- 
einheit 24 auf die Reaktionstemperatur aufgeheizten Auf- 
nahmeeinheit 1, so daB die Katalysatoren von dem Reakti- 
onsgas durchstromt werden. 
50 Die bei der Reaktion entslehenden Produkte werden fur 
jeden Katalysator Uber die separaten Kanale 8 getrennt ab- 
gefuhrt, um den Abstrom selekdv der Analyseeinheit 2 zu- 
fuhren zu konnen. 

An dem Auslali jedes Kanals 8 ist der HinlaB eines Multi- 
5S portventils 24 angeschlossen. Die Multiportvendle sind 
elektromagnetisch betiidgbar und werden von einer Steucr- 
einheit 25 Uber Steuerleitungen 26 angesteuert Der erste 
Ausgang jedes Multiportventils 24 ist uber eine Gasleitung 
27 mit einer ersten gemeinsamen Gasabfuhxleitung 28 ver- 
bunden, die zu dcr Analyseeinheit 2 fuhrt, wahrend dcr 
zweite Ausgang jedes Muldponventils 24 uber eine zweite 
Gasleitung 29 mit einer zweiten gemeinsamen Gasabfuhr- 
leitung 30 verbunden ist, die ebenfalls zu der Analyseeinheit 
2, z. B. ein Massenspektrometer, fuhrt 

Je nach der Schaltstellung der Multiport venule konnen 
die bei der Reaktion entstehenden Produkte fur jeden Kata- 
lysator getrennt nacheinander der Analyseeinheit 2 zuge- 
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Katalysatoren analysiert wcrden. Die aus den Multipcrtven- 
rilen hestehenrie Venlilannrdnung kann in Abhangigkeit von 
der Anzahl der zu testenden Katalysatoren belicbig enveitert 
werden. 

Anstelle einer Vtn til anordnung zurn Freischalten der ein- 
zelnen Kanale kann auch unlerhalb der Aufnahmeeinheit 1 
cin Manipulator nut cincr in xyz-Richtung vcrfahrbarcn 
Binlafikapillare angeordnet scin, an der die Analyseeinheit 
angeschlossen ist Die Einlaflkapillare kann dann mil. dem 
Manipulator nacheinander in die Kanale eingefahren wcr- 
den, so daB sich der Abstrom jedes Katalysators getrennt 
analysieien laflt. Prinzipiell konnen aber auch jedem Kanal 
ein separates Analysegerat zugeordnet werden, so daB eine 
hdhere parallelisierte Analyse mogbch ist 

Fig. 5 zeigt eincn Schnitt durch die Beschickungseinhcit 
4 der Testanordnung. Die Bescbickungseinheit 4 weist eincn 
zweiteiligen zylindrischcn Metallkflrper 31 auf, dessen 
Durchmesser dem Innendurchmesser des Flanschcs 9 der 
Aufnahmeeinheit 1 enlsprichl, so daB die Beschiekungsein- 
heit 4 in die Authahmeeinheit 1 passend eingesetzt werden 
kann. Der zylindrische Metal Ikorper 31 weist in Form einer 
4x4 Matrix angeordnete Kanale 32 auf. Die Anordnung 
una der Durchmesser der Kanale 32 entspricht den Ausneh- 
mungen 7 der Aufnahmeeinheit 1, so dafl diese fluchten, 
wenn die Beschickungseinbeit in die Aufnahmeeinheit ein- 
gesetzt ist. 

Zwischen dem Ober- und Unterteil 31a, 31b des zylindri- 
schen Metallkorpers ist ein Schieber 33 quer zurLangsachse 
der Kanale 32 verschiebbar gefuhrt, Der Schieber 33 isteine 
Blechplatte mit Bohrungen 34, die ebcnfalls in Form tiner 4 
x 4 Matrix angeordnet sind. Diese Bohrungen 34 fluchten 
mit den Kanalen 32 des zylindrischen Metallkorpers 31. Die 
beiden Befestigungselernente 35, die das Ober- und Unter- 
teil zusammcnhalten, erstrccken sich durch seitliche Lang- 
locher 36 des Schiebers 33 und begrenzen dessen Schiebe- 
weg. Der Schieber 33 kann zwischen zwei Stellungen ver- 
schoben werden, in der die Kanale 32 der Bcschickungsein- 
heil verschlossen oder freigegeben sind. 

Der Schieber 33 besteht vorzugsweise aus Metall. Es ist 
aber auch mdglich, daB der Schieber eine Lochplatte aus po- 40 
roscm Material (Frittc) ist, die zur Filtration dicnt, wenn sich 
der Schieber in einer S tellung befmdet, in der die Bohrungen 
der Lochplatte nicht mit den Kanalen der Beschickungsein- 
heit fluchten. 

Fig. 6 zeigt einen Schnitl durch das PreBwcrkzeug 5 der 45 
Testanordnung, Das Testwerkzeug weist in Form einer 4x4 
Matrix angeordnete Prefistempel 37 auf, die mit Schrauben 
38 an einer runden Platte 39 befestigt sind. Die PreBstempel 
37 sind derart angeordnet und bemessen, daB sic bei gcdff- 
netem Schieber 33 passend in die Kanale 32 der Beschik- 
kungseinheit 4 eingeschoben werden konnen. 

Fig. 7 zeigt einen Schnitt durch eine Zerkleinerungsein- 
heit 40 in Form eines Giliers, das aus rechrwinklig in einem 
Abstand von ctwa 2 mm angeordneten Schneiden 41 be- 
steht. Die Zerkleinerungseinheit 40 kann in die Gaszufuhr- 
kammer 19 der Aufnahmeeinheit 1 eingelegt werden, bevor 
die Beschickungseinhcit 4 in die Aufnahmeeinheit einge- 
setzt wird, urn die in der Beschickungseinbeit prapariertrn 
Feststoffe beim Oberfuhren in die Aufnahmeeinheit zu zer- 
klcincrn. Die Zerkleinerungseinheit kann aber aucb mit der 
Beschickungseinhcit einstllckig sein. 

Nachfolgend wird eine Kohlenmonoxidoxidation an 
kornbinatorisch herges tell ten Katalysatoren unber Verwen- 
dung der obigen Testanordnung beschrieben. 

Fiir diese Testreaktion warden kornbinatorisch herge- 
sttllte Katalysatoren aus den Tragem Zcolith Y, Aluxnini- 
umoxid, Titandioxid und Zirconiumoxid in Kombination 
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unri Palladium und dem Pramotor Ccr fiir die Testreaktion 
der katalytischcn Oxidation von Kohlenmonoxid zu Koh- 
lendioxid erprobt. Hierbei wurden die Katalysatoren einem 
Reaktionsgasgemisch aus syntheuscher Luft und 80% Koh- 
lenmonoxid ausgeseLzt Die Temperatur der Reaktionsgasat- 
rnnsphare wurde schrittweise erwarmt und dabei der Pro- 
duktgasstrom in den einzelnen Kanalen fiir die jcwciligc Rc- 
aktionsg as temperatur speklroskopisch analysiert. 

Die Katalysatoren werden in dem Oberteil des zylindri- 
schen Korpers der Beschickungseinhcit bei verschlossenem 
Schieber synthetisiert. Dabei wird in jedcr der vier Spalten 
cin anderes Tragermaierial deponiert, z. B. in Spalte 1 ein si- 
likatischer Trager, in Spalte 2 ein A lu minium oxid, in Spalte 
3 cin Tuandioxid und in Spalte 4 ein Zirconiumoxid, Die ka- 
talytisch aktive Substanz wird dann z. B, durch ein Tran- 
kimpragnierungsverfahren aufgebracht, z. B. in Zeile 1 ein 
bestimxntes Volumen einer Platinsalzlosung, in Zeile 2 ein 
besUmrntes Volumen einer Palladiums alzlosung, in Zeile 3 
ein besliiruntes Volumen einer Plalinsalz- und einer Palladi- 
uinsalzlosung und in Zeile 4 ein bestirnmtes Volumen einer 
Platinsalz-, einer Palladiumsalz- und einer Cersalzlosung. 
Durch eine geeignete HochtemperBturbehandlung wird das 
Losungsmitiel entfernt wird. Anschlieflend erfolgt eine 
Nachbehandlung, z. B. mit Wasserstoff. Urn das Probenar- 
ray in die Aufnahmeeinheit uberfuhren zu konnen, wird die 
Zerkleinerungseinheit in die Gaszufuhrkammer der Be- 
schickungseinhcit eingelegt und die Beschickungseinhcit 
wird in die Aufnahmeeinheit eingesetzt. Bei geofFnetem 
Schieber werden die Festkorperkatalysatoren dann mittels 
des PreBwerkzcuges aus den Kanalen der Beschickungsein- 
hcit durch die gitterartige Platte in die Ausnehmungen der 
Aufnahmeeinheit geprcBt. Wenn eine Zerkleinerung der in 
der Beschickungseinhcit praparierten Feststoffe nicht erf or- 
der lich ist, kann auf das Einlegen der Zerkleinerungseinheit 
in die Aufnahmeeinheit auch verzichtet werden. Dann wer- 
den die Zerkleinerungseinheit und die Beschickungseinhcit 
wieder aus der Aufhahmeeinheit genommen. AnschlieBend 
wird die Aufnahmeeinheit nut dem Deckel client verschlos- 
sen und das Keaktionsgas wird zugefuhrt. Nun wir der Uber 
die einzelnen Kanale der Aufnahmeeinheit von den Kataly- 
satoren abgefuhrte Prod uktg ass trom in der Analysccinhcit 
spektroskopisch analysiert, wahrend die Temperatur der Re- 
aktionsgasaumosphare schrittweise erhoht wird. 

Patentanspriiche 

1 . Anordnung zum Testen der katalytischen Aktivitat 
von einem Reaktionsgas ausgesemen FeststofJen mit 
einer Einheit zur Aufhahmc der Feststoffe und einer 
Einheit zur Analyse der bei der Reaktion entstehenden 
Produkte. dadurch gekennzeichnet daB die Aufhah- 
meeinheit (1) mehrere Ausnehmungen (7) zur Auf- 
nahxne jeweils eines FesLstofTes und eine geuieinsame 
Gaszutuhr und den einzelnen Ausnehmungen zugeord- 
nele Kanale (8) aufweist, so daB alle Feslstoffe gleich- 
zeitig dem Reaktionsgas ausgesetzi und die bei der Re- 
aktion entstehenden Produkte Ober die Kanale getrennt 
abgefuhrt und der Analyseeinheit (2) zugefUhrt werden 
konnen, 

2. Anordnung nach Anspruch 1 1 dadurch gckcnnzcich- 
net, daB die Ausnehmungen (7) zur Aufnahme der 
Feststoffe in Form einer Matrix angeordnet sind, wobet 
die Kanale (8) am Boden der Ausnehmungen (7) ange- 
schlossen sind, so daB die in die Ausnehmungen einge- 
brachten Feststoffe von dem Reaktionsgas durch stromt 
werden konnen. 

3. Anordnung nach Ansprucb 1 oder 2, dadurch ge- 
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Bohrungen sinti 

4. Anordnung nach einem der Anspruche 1 his 3, ria- 
durch gekennzeichnet, daB die Anordnung eine an die 
Aufnahmeeinheit (1) ansetzbare Beschickungseinheii 
(4) zum gleichzeitigen Einbringen dcr Feststoffe in die 5 
Aufnahmeeinheit umfaflt. 

5. Anordnung nach Anspruch 4, dadurch gckcnnzcich- 
net, daB die Beschickungseinheii (4) den Ausnehmun- 
gen (7) dcr Aufnahmeeinheit (1) zugeordnete Kanale 

(32) aufweist, in denen die Feststoffe synthetisiert und 10 
aus denen die Feststoffe bci an die Aufnahmeeinheit 
angesetzter Beschickungseinheii in die Ausnehmungen 
der Aufnahmeeinheit tiberfuhrt werden konnen. 

6. Anordnung nach Anspruch 5, dadurch gekennzeich- 
net, daB die Bcschickungscinhcit (4) cinen Schieber 15 

(33) aufweist, der zwischen einer Stellung zum Synthe- 
tisieren der Feststoffe und einer die Kanale freigeben- 
den Stellung zum Oberfuhren der Feststoffe in die Aus- 
nehmungen (7) der Aufnahmeeinheil (1) verschiebbar 
ist, . 20 

7. Anordnung nach Anspruch 6, dadurch gekennzeich- 
net, daB der Schieber (33) eine Lochplatte aus MeUll 
oder porbsem Material ist. 

8. Anordnung nach einem der Anspruche 1 bis 7, da- 
durch gekennzeichnet, daB die Aufnahmeeinheit (1) ei- 25 
ncn urnlaufcndcn Ansatz (9), in dem die Bcschickungs- 
einheit (4) einsetzbar ist, und einen Deckel (10) auf- 
weist, der bei abgenommener Beschickungseinheii un- 
ter Bildung einer gemeinsamen GaszufUhrkammer (19) 
auf den urnlaufcndcn Ansatz (9) aufsetzbar ist, wobei 30 
der Deckel mit rnindestens einer Bohrung (17) zumZu- 
ftihren des Reaktionsgases versehen ist. 

9. Anordnung nach einem der Anspriiche 4 bis 8, da- 
durch gekennzeiebnet, daB die Anordnung cin PreB- 
werkzeug (S) mit den Kanalen (32) der Beschickungs- 35 
einheit (4) zugeordneten Prefisternpeln (37) urnfaBl, die 
zum Auspressen der Feststoffe in die Kanale (32) der 
Beschickungseinheii cingefuhrt werden konnen. 

10. Anordnung nach einem der Anspriiche I bis 9, da- 
durch gekennzeichnet, daB die Aufnahmeeinheit eine 40 
Hcizcinrichtung (24) aufweist 

11. Anordnung nach einem der Anspriiche 1 bis 10, 
dadurch gekennzeichnet, daB in den Ausnehmungen 
(7) der Aufnahmeeinheit (1) aus portisem Material her- 
gcstelltc Plattchcn (20) zur Aufhahmc dcr in die Aus- 45 
nehmungen einzubringenden Feststoffe Yorgesehen 
sind. 

12. Anordnung nach einem der Anspruche 4 bis 11, 
dadurch gekennzcichncL, daB die Anordnung cine Zer- 
kleinerungseinheit (40) zum Zerkleinem der in der Be- 50 
schickungseinheit (4) praparierten Feststoffe beim 
Oberfuhren in die Aufnahmeeinheit (1) aufweist. 
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Fig. 7 is a slide gate for the loading device of Fig. 5, a top view- 
Fig. 8 shows a press tool for the test apparatus, a sectional view; and 
Fig. 9 shows a comminution device for the test apparatus in a sectional view. 

An apparatus for testing the catalytic activity of solids has a receiving device 1 (Figs. 1 through 3) in 
which solid catalysts are exposed to a reaction gas, an analysis device 2, having a valve system 3 (Fig. 4), 
which is used to analyze the products of reactions, and a loading device 4, having a press tool 5, in which 
the catalysts can be produced in spatially separate locations by using a combinatorial method (Figs. 5 
through 8). 

Fig. 1 shows a sectional view of the receiving device 1 of the test apparatus. The receiving device 1 
has a cylindrical body 6 made of a heat conducting material, e.g., preferably brass which has in its upper 
side cylindrical bores 7 defining an n x m matrix with four lines and four columns (Fig. 2). The 4x4 
matrix is given only as an example, and arrangements with a greater number of recesses can also be used. 
" Passages 8 are made in the bottom of each recess 7 and lead to the underside of the brass body 6 of 
the receiving device 1. The passages 8 extend in parallel to each other in the vertical direction. They have 
a smaller diameter than the recesses. This assures identical flows through all recesses because the 
passages haveiappropriate^flow resistance. Individual passages can be'sjpecially restricted so as to assure 
exactly the same flow rates through all the recesses. The receiving device can also have special orifices or 
like devices for the same guij)ose^_^ . — — _ ^ 

The upper side of the brass body 6 has a flange 9 which is used for holding a cover 10 made of a 
heat conducting material such as brass. The flange 9 and the cover 10 have a plurality of circumferentially 
spaced holes 11 which are used for assembling the flange 9 and the cover 10 together by means of bolts 
(Fig. 3). For sealing the cover 10 with the flange 9, a sealing ring 12 is provided in an annular groove 13 
of the flange 9. 

The brass body 6 and the cover 10 have holes 14 for receiving heating cartridges 15 of a heating unit 
for heating the receiving device 1 in order to maintain a reaction temperature. 

The catalysts that are being tested are each placed on platelets 16 made of a porous inert composition 
(frit), which are positioned on the bottom of the recesses transversally with respect to their longitudinal 
axes. 

For the simultaneous testing of catalysts, the cover 10 is bolted to the flange 9 of the brass body 6, 
and a reaction gas is fed through holes 17, 18 of the cover into a gas supply chamber 19 provided over the 
recesses 7. The reaction gas flows through catalysts 20 which are placed on the frit platelets 16. 

Fig. 4 shows a gas flow diagram for the test apparatus. The reaction gas flows from a gas vessel 21 
through a gas supply line 22 in which a metering device 23 is inserted and goes to the recesses 7 of the 
receiving device 1 which is heated by means of a temperature control device 24 to the reaction 
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temperature in such a manner that the reaction gas flows through the catalysts. The products resulting 
from the reaction are discharged from each individual catalyst through separate channels 8 separately so 
as to selectively supply the discharge flows to the analysis device 2. 

Multiple-way valves 24 are provided at the outlet of each passage 8. The multiple-way valves are 
electromagnet actuated and are controlled by means of a controller 25 through control lines 26. The first 
outlet of each mutiple-way valve 24 is connected through a gas line 27 to a first common gas supply line \ 
28 which leads to the analysis system 2, and the second outlet of each multiple-way valve 24 is connected 
through a second gas supply line 29 to a second common gas supply line 30 which goes also to the 
analysis device, e.g., to a mass-spectrometer. 

Depending on the switched position of the multiple-way valves, the products resulting from the 
reaction from each catalyst can be fed separately from each other to the analysis device 2, or the analysis 
device can analyze the discharge flow from any two catalysts. The valve system which consists of the 
multiple-way valves can be expanded to any number of valves depending on the quantity of the catalysts 
that are being tested. 

Instead of the valve system used for selectively switching the individual passages, a manipulator 
with an inlet capillary, which is movable along xyz-axes, can be provided downstream of the receiving 
device 1 and connected to the analysis device. The inlet capillary can be inserted by the manipulator into 
the passage in such a manner as to analyze each catalyst separately. As a matter of fact, each passage can 
be connected to a separate analysis device to achieve a high degree of parallelism of the analysis. 

Fig. 5 shows a sectional view of the loading device 4 for the test apparatus. The loading device 4 has 
a two-part cylindrical metal body 31 which has the diameter corresponding to the inside diameter of the 
flange 9 of the receiving device 1, whereby the loading device 4 can be inserted into the receiving device 
1. The cylindrical metal body 31 has a form of a 4x4 matrix of passages 32. The arrangement and the 
diameter of the passages 32 correspond to the recesses 7 of the receiving device 1 so that they are aligned 
when the loading device is inserted into the receiving device. 

A slide gate 33 is positioned between the upper and lower parts 31a and 31b of the cylindrical metal 
body for movement transversally with respect to the longitudinal axes of the passages 32. The slide gate 
33 is made as a sheet plate with holes 34 which are likewise arranged in the form of a 4 x 4 matrix. These 
holes 34 are aligned with the passages 32 of the cylindrical metal body 31. Both fasteners 35 which hold 
the upper and lower parts together extend through lateral longitudinal holes 36 of the slide gate 33 and 
limit its stroke. The slide gate 33 can move between two positions in which the passages 32 of the loading 
device are closed or open, respectively 

The slide gate 33 is preferably made of metal. It is also possible to make the slide gate as a 
perforated plate of a porous material (frit) which is used for filtering when the slide gate is in the position 
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in which the holes of the perforated plate are not aligned with the passages of the loading device. 

Fig. 6 shows a sectional view of the press tool 5 for the test apparatus. The press tool is made as a 
4x4 matrix of press plungers 37 which are secured by means of screws 38 to a round plate 39. The press 
plungers 37 is positioned and sized in such a manner that when the slide gate 33 is open, they can move 
into the channel 32 of the loading device 4. 

Fig. 7 shows a sectional view of a comminution device 40 in the form of a screen that has straight 
teeth 41 spaced at about 2 mm from each other. The comminution device 40 can be placed in the gas 
supply chamber 19 of the receiving device 1 before the loading device 4 is inserted into the receiving 
device so as to comminute the solid material prepared in the loading device when it passes into the 
receiving device. The comminution device can also be made integral with the loading device. 

Oxidation of carbon monoxide with the catalysts prepared by using the combinatorial method using 
the above-described test apparatus will be described below. 

For this test reaction, catalysts prepared by the combinatorial method were tested with carriers such 
as zeolith Y, aluminum oxide, titanium dioxide, and zirconium oxide in combination with potentially 
catalytically active metals - platinum and palladium and cerium promoter for a test reaction of catalytic 
oxidation of carbon monoxide to carbon dioxide. The catalysts were exposed to a reaction gas mixture 
consisting of synthetic air and 80% carbon monoxide. The reaction atmosphere temperature was raised 
stepwise, and the product gas flow from each individual passage was analyzed by spectrography for each 
reaction gas temperature. 

The catalysts were synthesized in the top part of the cylindrical body of the loading device with the 
closed slide gate. In order to do this, a carrier material was placed in each of the four columns, e.g., a \y ^\ - 
silicate carrier was placed in column 1, an aluminum oxide carrier was placed in column 2, a titanium [ X ^ * \ 
dioxide carrier was placed in column 3, and zirconium oxide carrier was placed in column 4. The ^ 
catalytically active substances were deposited, e.g., by the impregnation process, e.g., in line 1 a 
predetermined volume of a platinum salt solution, in line 2 a predetermined volume of a palladium salt 
solution, in line 3 a predetermined volume of a platinum salt solution and a palladium salt solution, and in 
line 4 a predetermined volume of a platinum salt solution, and a palladium salt solution, and a cerium salt 
solution were added. By conducting an appropriate high-temperature treatment, the solvent was removed, 
A post-processing was then conducted, e.g., with hydrogen. In order to transfer the test array into the 
receiving device, the comminution device was installed in the gas supply chamber of the loading [sic!] 
device, and the loading device was inserted into the receiving device. When the slide gate was opened, the 
solid catalysts were pressed by means of the press tool out the passages of the loading device through the 
screen plate into the recesses of the receiving device. If comminution of the solid materials prepared in 
the loading device is not required, the step of installation of the comminution device into the receiving 
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device can be dispensed with. The comminution device and the loading device were then removed trom 
the receiving device. The receiving device was then sealingly closed with the cover, and the reaction gas 
was supplied. Subsequently, the product gas flow discharged from the catalysts through each individual 
passage of the receiving device was analyzed by spectroscopy in the analysis device while raising 
stepwise the temperature of reaction atmosphere. 

Claims 

1. An apparatus for testing the catalytic activity of a solid exposed to a reaction gas, having a 
device for receiving solids and a device for analyzing the products formed as a result of the reaction, 
characterized by the fact, that a receiving device (1) comprises a plurality of recesses (7) for 
receiving each individual solid, a common gas supply, and a passage (8) for each individual recess, : 
whereby all solids are simultaneously exposed to the reaction gas, and the products formed as a result.: 
of the reaction can be discharged separately through the passages and can be supplied to an analysis' 
device (2). 

2. The apparatus of claim 1, characterized by the fact that the recesses (7) for receiving solids are 
arranged as a matrix, and the passages (8) are provided in the bottom of the recesses (7) so that the 
reaction gas can flow through the solids which are placed in the recesses. 

3. The apparatus of claim 1 or 2, characterized by the fact that the recesses (7) are cylindrical 
holes. 

\ jylie apparatus of claims 1 through 3, characterized by the fact that the apparatus has a loading 
device (4) that can be inserted into the receiving device (1) for simultaneously placing solids into the 
recesses. 

5. The apparatus of claim 4, characterized by the fact that the loading device (4) has passages 
(32) corresponding as the recesses (7) of the receiving device, in which solids are synthesized and 
from which the solids can be transferred from the loading device which is inserted into the receiving 
device to the recesses of the receiving device. 

6. The apparatus of claim 5, characterized by the fact that the loading device (4) comprises a 
slide screen (33) which is movable between the position for synthesizing solids and the position in 
which the passages are open for transfer of the solids into the recesses (7) of the receiving device. 

7. The apparatus of claim 6, characterized by the fact that the slide gate (33) is made as a 
perforated plate of a metal or a porous material. 

8. The apparatus of claims 1 through 7, characterized by the fact that the receiving device (1) has 
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a peripheral collar (9) in which the loading device (4) can be inserted and a cover (10) which can be 
mounted on the peripheral collar (9) after removal of the loading device to define a common gas 
supply chamber (19), the cover having a hole (17) for the admission of a reaction gas . 

9. The apparatus of claims 4 through 8, characterized by the fact that the apparatus has a press 
tool (5) which has press plungers (37) corresponding to the passages (32) of the loading device, which 
can be inserted into the passages (32) of the loading device for pressing out the solids. 

10. The apparatus of claims 1 through 9, characterized by the fact that the receiving device has a 
heating unit (24). 

11. The apparatus of claims 1 through 10, characterized by the fact that the platelets (20) made 
of a porous material are provided in the recesses (7) of the receiving device (1) for receiving the 
solids that are transferred. 

12. The apparatus of claims 4 through 11, characterized by the fact that the apparatus comprises 
a comminution device (40) for comminution of the solids which are prepared in the loading device (4) 
during their transfer into the receiving device (1). 



3 sheets of drawings attached 
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(54) A device for testing the catalytic activity of solids exposed to reaction gases 

(57) An apparatus for testing the catalytic activity of a solid 
exposed to a reaction gas has a receiving device (1) which has a 
plurality of recesses (7) for receiving each individual solid, a 
common gas supply, and passages (8) connected to each recess so 
that all solids are simultaneously exposed to the reaction gas, and 
the products formed as a result of the reaction can be discharged 
separately through the passages and can be supplied to an analysis 
device. The recesses for receiving the solids are arranged as a 
matrix. The test apparatus also has a loading device which is used 
to transfer in a simple way catalysts which are prepared in a 
spatially separate manner by the combinatorial method into the 
recesses of the receiving device. 
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Description 

The invention relates to an apparatus for testing the catalytic activity of solids exposed to a reaction 
gas having a receiving device for receiving a solid and a device for analysis of products released as a 
result of the reaction. 

For the production and assessment of catalysts, potentially active carrier and catalyst components are 
combined in presumably appropriate manner, and the resulting multiple-component mixture is tested with 
an appropriate test reaction under predetermined conditions which are mainly determined by technical 
limitations. During synthesis of such materials, it is often necessary to meet the time requirements, 
because the testing of catalysts is a time and labor consuming operation. Generally, a material that is 
being tested is loaded into a laboratory reactor designed for this purpose and is tested for its ability to 
catalyze the reaction of feed mixtures. 

EP 0 423 294 B 1 discloses an apparatus for study and evaluation of fluidized bed cracking catalysts 
which are used exclusively in tubular reactors. The prior art apparatus is used for conducting a number of 
continuous cyclic experiments under varying experimental conditions. 

It is also known to test catalysts in a plurality of separate reactors which have provisions for a 
general gas purification. When catalysts are tested in parallel reactors, the charging of the catalysts with 
the materials being tested is a time and labor consuming operation. Another disadvantage is that the 
quantity of the reactors that have to be used for the parallel operation is limited by practical 
considerations. 

A decisive innovation of recent in the field of bioorganic synthesis has been the development of the 
combinatorial synthesis processes (Furka, A., Sebastien, E, Asgedom, M., Dibo, G., Abstr. - 14th Int. 
Congr. Biochem., Prague 1988, Vol 5, 47). In conducting such synthesis processes, they mainly deal with 
very small quantities of substances, and polymer carriers are often used for fixation of reagents and the 
resulting products. Thus the combinatorial synthesis is now a standard tool in the bioorganic chemistry. 
The efficient testing of a set of substances which could be prepared by using such synthesis process is 
normally done nowadays by using so-called "high throughput screening", in testing potential 
pharmaceuticals. The state-of-the art testing methods are based on adding individual substances of a bank 
of substances to enzymes or a cell cultures, which show the possibility of interaction between the 
substance and a predetermined active position of the enzyme or cell material growth by means of a 
luminescence examination. The substances from a bank set of substances are placed in so called "arrays", 
under plates with recesses which are used as reaction vessels and are contacted with appropriate test 
systems, after which the sample is post-processed (irradiation, incubation, etc.), with subsequent 
assessment testing. 

The fist disclosure of the conduct of the combinatorial synthesis and testing process was made in 
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1995 by Schultz et al. (Xiang, X. -D., Sun, X., Bnceno, G., Lou, Y., Wang, K.-A., Chang, H., Wallace- 
Freedman, W.-G., Chen, S.-W, Schultz, P. G., Science 268, 1995, 1738 and Bnceno, G„ Cliang, II, Sun, 
X., Schultz, P. G., Xiang, X.-D., Science 270, 1995, 273, as well as Sun, X.-D, Wang, K.-A., Yoo, Y, 
Wallace-Freedman, W. G., Gao, C, Xiang, X. -D., Schultz, P. G., Adv. Mater. 9, No. 13, 1997, 1046, and 
Wei, T., Wallace-Freedman, W. G. 5 Schultz, R. G., Xiang, X.-D., Appl. Phys. Lett. 68, 1996, 3506). The 
disclosure described the preparation of compounds by the deposition process for obtaining various 
combinations from a substrate by using the masking technique. 

The main disadvantage of the method described by Schultz et al. is that when the deposition process 
is used, only a small part of the possible chemical combinations can be realized, which could be prepared 
by using conventional catalytic wet chemical processes. This results in the range of possible catalytically 
active candidates being substantially narrowed. No process has been disclosed for testing catalytically 
active materials. 

In the field of the simultaneous testing of catalysts, there is a publication by Luss et. al. (Moates, 
F.C., Somani, M, Annamalai, J., Richardson, I. T., Luss, D., Willson, R, C, Ind. Eng. Chem. Res. 35, 
1996, 4801) in which catalyst pellets are tested by infrared thermography. However, this method can be 
used only for reactions with high reaction heat. The selectivity study is not possible. 

The invention is based on the problem of providing an apparatus which could be used for efficiently 
testing the catalytic activity of solids exposed to a reaction gas without high demand for time and labor. 

This problem is solved according to the invention by using the characterizing features of claim 1 . 

An apparatus according to the invention uses simultaneous and consecutive testing of a large number 
of solid catalysts which are exposed to a reaction gas, wherein the conditions, such as pressure, 
temperature, etc., can be varied at random. 

The apparatus has a receiving device that has a plurality of recesses for receiving individual solids 
which have to be tested for the catalytic activity. All solids that are in the receiving device are exposed 
simultaneously to a reaction gas through a common gas supply. The gas flow is discharged through 
individual gas passages for each recess in such a manner that products that are released over each 
individual catalyst can be analyzed separately in an analysis device. The analysis can be conducted by 
using known per se analytical methods such as spectroscopy, spectrometry, or chromatography. During 
the test phase ^nly^ me passage can be op ened to the analysis device, whereas the gases that are 1 
discharged through the rem ainingpas^g^are not analyzed. /The receiving device also allows for analysis \ 
of gas flows that are discharged through a plurality of passages. It is also possible to shut off any desired 
number of passages so that no reaction gases will flow through these passages. 

In a preferred embodiment of the receiving device, the recesses are made as a matrix. The 
arrangement in the form of a matrix not only allows testing a large number of catalysts in a small space, 
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but it also allows the materials that are being tested to be placed into the recesses by means of a loading 
device in which catalysts are synthesized and from which they can be then transferred to the receiving 
devices.Jt is eve n possib le to synthesize catalysts directly in the receiving [sic!] device. 

It is preferred that the passages for discharging the gas flows be provided in the bottoms of the 
recesses in order to assure the passage of the reaction gas through the catalysts. 

V : 

The loading device for the simultaneous loading of the materials into the recesses has passages per 
each individual recess, in which catalysts can be prepared in spatially separated manner as per the 
combinatorial method. In order to assure the closing of the passages of the loading device for conducting 
the synthesis of solids, it is preferred that a slide gate be provided which can close or open all the 
passages. 

The passages of the loading device are arranged identically to the recesses of the receiving device. 
For transfer of the solids, the loading device is aligned with the receiving device so that the passages of 
the loading device are aligned with the recessed of the receiving device. 

For pressing the solids from the recesses, the apparatus according to the invention advantageously 
has a press tool which has press plungers corresponding to the passages of the loading device. 

For alignment, the receiving device has a peripheral collar in which the loading device can be 
inserted. When the loading device is removed, the peripheral collar of the receiving device is provided 
with a cover to define a common gas supply chamber for the recesses of the receiving device. A reaction 
gas can be admitted to the common gas supply chamber through a hole in the cover. 

In another preferred embodiment, the receiving device has a heating unit to maintain a desired 
reaction temperature. 

Solid catalysts that are to be tested are preferably placed on platelets of a porous material which are 
installed in the recesses of the receiving device transversally with respect to the flow direction of the 
reaction gas. 

Practical embodiments of the apparatus for testing the catalytic activity of solids exposed to a 
reaction gas according to the invention will now be described with reference to the accompanying 
drawings, in which: 

Fig. 1 shows a receiving device of an apparatus for testing the catalytic activity of solids exposed to a 
reaction gas, a sectional view; 

Fig. 2 is a sectional view of the receiving device taken along line II-II in Fig. 1; 

Fig. 3 is a top view of the receiving device shown in Fig. 1, 

Fig. 4 shows a gas flow diagram for the test apparatus; 

Fig. 5 shows a loading device for a test apparatus, a sectional view; 

Fig. 6 is a sectional view of the loading device taken along line VI- VI in Fig. 5; 
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